Age-dependent myelin degeneration and proteolysis of oligodendrocyte proteins is associated with the activation of calpain-1 in the rhesus monkey.
Myelin provides important insulating properties to axons allowing for propagation of action potentials over large distances at high velocity. Disruption of the myelin sheath could therefore contribute to cognitive impairment, such as that observed during the normal aging process. In the present study, age-related changes in myelin, myelin proteins and oligodendrocyte proteins were assessed in relationship to calpain-1 expression and cognition in the rhesus monkey. Isolation of myelin fractions from brain white matter revealed that as the content of the intact myelin fraction decreased with age, there was a corresponding increase in the floating or degraded myelin fraction, suggesting an increased breakdown of intact myelin with age. Of the myelin proteins examined, only the myelin-associated glycoprotein decreased with age. Levels of the oligodendrocyte-specific proteins 2',3'-cyclic nucleotide 3'-phosphodiesterase (CNPase) and myelin/oligodendrocyte-specific protein (MOSP) increased dramatically in white matter homogenates and myelin with age. Age-related increases in degraded CNPase also were demonstrable in white matter in association with increases in activated calpain-1. Degraded CNPase was also detectable in myelin fractions, with only the floating fraction containing activated calpain-1. The increases in the activated enzyme in white matter were much greater than those found in myelin fractions suggesting a source other than the myelin membrane for the marked overexpression of activated calpain-1 with age. In addition, CNPase was demonstrated to be a substrate for calpain in vitro. In summary, changes in myelin and oligodendrocyte proteins occur with age, and they appear to have a significant relationship to cognitive impairment. The overexpression of CNPase and MOSP suggests new formation of myelin by oligodendrocytes, which may occur in response to myelin degradation and injury caused by proteolytic enzymes such as calpain.